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A Coupled CFD/FEM Structural Analysis to Determine Deformed Shapes of
the RSRM Inhibitors

Richard A. Dill and R. Harold Whitesides
ERC, Incorporated, Hunstville, AL 35816

Abstract

Recent trends towards an increase in the stiffness of the NBR insulation material used in
the construction of RSRM propellant inhibitors prompted questions about possible effects
on RSRM performance. The specific objectives of the CFD task included: 1) the
definition of pressure loads to calculate the deformed shape of stiffer inhibitors, 2) the
calculation of higher port velocities over the inhibitors to determine shifts in the vortex
shedding or edge tone frequencies and 3) the quantification of higher slag impingement
and collection rates on the inhibitors and in the submerged nose nozzle cavity.

A coupled CFD/Finite element structural analysis was required to calculate the deformed
inhibitor geometry. Since the NBR inhibitor material erodes at a different rate than the
motor propellant burns, an inhibitor stub which protrudes above the propellant into the
port cavity is created during motor operation. The impinging port flow causes the
inhibitor stub to bend in the downstream flow direction. Since a stiffer NBR inhibitor
material would cause the inhibitor to bend less, it was necessary to know the difference
in the bending of the original NBR material compared to the stiffer NBR materiai. The
CELMINT CFD computer code was used to perform the fluid dynamic calculations of the
motor flow field. The structural bending effect of the pressure loads from the CFD code
was analyzed by ED28. Initially, the CELMINT code was used to determine the flow field
and inhibitor pressure loads for unbent motor inhibitors. This pressure loading on the
inhibitors was used by ED28 to generate the bending which would occur in the inhibitor.
The computed bent inhibitor geometry was then used again by the CFD code to compute
a new pressure loading on the inhibitors. This iterative computation between the CFD
code and the structural analysis code was continued until convergence in the inhibitor
bent geometry was achieved.

The CFD solution was then used to assess the effect of higher flow velocities and edge
tone frequencies from the reduced inhibitor bending on the maximum oscillating pressure
amplitudes that occur during resonance between the edge tones and the motor
longitudinal modes. Also, a comparison of the difference in slag accumulation between
the two NBR materials was also made to determine if the stiffer material increases slag
collection in the field joints and the submerged nozzle cavity.

The coupled CFD/FEM structural analysis was successful in defining the effect of
inhibitor stiffness on inhibitor geometry and the shift in edge tone frequencies. Also, the
two-phase CFD analysis showed that there was a small increase in the rate of slag
accumulation at the aft inhibitor; however, motor trajectory analyses of slag debris shed
from the inhibitors showed that the debris would pass out the motor nozzle and therefore
create no additional slag accumulation in the slag pool around the nozzle.
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Computational Grid, Aft Slot

RSRM 80 Second Stiff NBR Inhibitor
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Velocity (ft/sec)

175 35.0 525 70.0

0.0

Velocity Vectors, Forward Slot

RSRM 80 Second Stiff NBR Inhibitor
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Velocity (ft/sec)

50.0 100.0 150.0

Velocity Vectors, Center Slot

RSRM 80 Second Stiff NBR Inhibitor
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Velocity (ft/sec)

100.0 1500

50.0

0.0

Velocity Vectors, Aft Slot
RSRM 80 Second Stiff NBR Inhibitor
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Velocity ({t/sec)

11.7 233 350

0.0

Velocity Vectors, Submerged Nozzle

RSRM 80 Second Stiff NBR Inhibitor
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